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APPARATUS AND METHOD FOR SYNCHRONOUS AND ASYNCHRONOUS 
TRANSFER MODE SWITCHING OF ATM TRAFFIC 



Field of the Invention 

The invention relates to telecommunications systems and, more particularly, to the 
efficient s\witching of both synchronous and asynchronous transfer mode 
telecommunications traffic. 

Background of the Invention 

In eighteen seventy-six, inside a third floor walk-up garret apartment in the Scollay 
Square section of Boston Massachusetts, only a short distance from the sight of the first 
battle of the revolutionary war, Alexander Graham Bell spoke the first words transmitted 
over telephone wires. Bell's transmission of sound over telephone wires initiated a 
revolution in communications whose scope rivals that of the political revolution initiated by 
the sound, heard nearby, of "the shot heard round the world." 

Technical innovations have dramatically transformed the telecommunications 
industry in the ensuing years. For example, telecommunications switching systems have 
evolved considerably from "hand operated" systems in which one instrument was 
electrically connected (through a hierarchical switching network) to another with the 
intervention of a human operator who would physically plug one circuit into another. Such 
direct electrical connection of two or more channels between two points (at least one 
channel in each direction), a connection that provides a user with exclusive use of the 
channels to exchange information, is referred to as circuit switching, or line switching. 
Human operators have largely been replaced by systems which employ electronic 
switching systems (ESS, e.g., 5ESS), in which the instruments are automatically connected 
through the network by electronic systems. Nevertheless, such switching systems often 
still employ circuit switching, a technique which yields highly reliable service, particularly 
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for such "real time" communications applications as voice, in which the momentary loss of 
a channel is annoying, and repeated such losses are unacceptable. 

Not only has switching technology undergone major changes, the type of traffic 
being carried on telephone lines has also changed dramatically. Although originally 
designed for voice traffic and "tuned" to operation in the voice band between approximately 
350 and 4000 Hz, the telecommunications inff-astructure also carries data, through the use 
of various channels, or tones. However, with the growing use of the Internet, and the 
potential development such high bandwidth applications such as interactive distance- 
learning and video on demand, the existing telecommunications infrastructure is in danger 
of being overwhelmed. A large portion of the system's transmission medium has been 
replaced with high speed trunks which employ fiber optic transmission media, microwave 
media, and line of sight optical media, for example, to meet the ever mounting demand for 
high speed data transmission capability. Data traffic is increasing at a rate of 
approximately 300% per year, while voice traffic is only increasing at the relatively slow 
rate of approximately 5% per year. However, a huge installed base of transmission media, 
switching devices, and other telecommunications infrastructure provide the 
telecommunications path for the vast majority of telecommunications providers and users. 

Various quality of service categories are supported by ATM and their varied 
requirements exacerbate the difficulty of modeling an ATM compatible switching system. 
Consequently, many conventional ATM systems either employ conservative systems 
modeling, which results in underutilized facilities such as bandwidth and/or buffers, or 
aggressive modeling, which degrade system performance. 

A system and method that enable the efficient combination and management of 
circuit-switched and packet-switched facilities, thereby taking advantage of the tremendous 
installed base of equipment and facilities while, at the same time, pemnitting an extensive 
upgrade of data facilities, which typically employ packet switching systems, would 
therefore be highly desirable. 



Related Applications 
Patent Applications entitled, "Apparatus and Method For Hybrid Switching", and 
"Apparatus and Method For Synchronous and Asynchronous Switching of Internet Protocol 
Traffic", filed on the same day as this application and assigned to the same assignees as 
this application is assigned are hereby incorporated by reference. 

Summary 

A telecommunications management system and method in accordance with the 
principles of the present invention includes facilities for managing telecommunications 
switching in a system that includes both circuit switching and packet switching facilities. 
The circuit switching facilities may use a Synchronous Transport Signal (STS) 
CrossConnect with interfaces to SONET rings, for example, while the packet switching 
facility switches ATM cells. In one aspect of the invention, real-time traffic, such as voice 
traffic, may be separated from non-real-time traffic, such as Internet email traffic. Once 
separated, the real time traffic may be switched through a synchronous transfer mode 
(STM) switch fabric, which may also be referred to herein as a circuit-switched switch or 
time division multiplexed (TDM) switch fabric. The non-real-time traffic may be switched 
through an asynchronous transfer mode (ATM) switch fabric. 

In accordance with the principles of the present invention a hybrid switch includes 
packet and circuit switching switch fabrics, a hybrid switch manager and one or more 
input/output ports (I/O port). Telecommunications traffic enters the switch and, after the 
traffic is switched, departs to telecommunications network through the I/O port(s). A new 
connection admission control (GAG) process is employed by the hybrid switch manager 
to route ATM traffic to either an STM switch fabric or an ATM switch fabric. Because the 
traffic load is shared, in parallel fashion, between the STM and ATM fabrics, neither switch 
need be of sufficient magnitude to accommodate the entire traffic load. In an illustrative 
embodiment "real-time" ATM traffic, such as GBR and rt-VBR are aggregated "on-the-fly", 
that is, dynamically, without pre-provisioning, and switched through the hybrid switch's 
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STM switch fabric. ATM traffic falling into other categories is routed through an ATM 
switch fabric. As a result, a hybrid switch in accordance with the principles of the present 
invention provides efficient use of STM and ATM switch fabrics, the overall bandwidth of 
the switch, and buffers used for access to the switch. 

In accordance with the principles of the present invention all ATM CBR traffic may 
be aggregated and switched through STM switch fabric(s) and ATM rt-VBR traffic may be 
switched through an ATM switch fabric in a conventional manner or it may be switched in 
the same fashion as ATM CBR traffic. 



Brief Description of the Drawings 

The above and further features, aspects, and advantages of the invention will be 
apparent to those skilled in the art from the following detailed description, taken together 
with the accompanying drawings in which: 

Figure 1 is a conceptual block diagram which illustrates a network of hybrid 
switches in accordance with the principles of the present invention; 

Figure 2 is a conceptual block diagram of a hybrid telecommunications switch in 
accordance with the principles of the present invention; and 

Figure 3 is a conceptual block diagram of a telecommunications system that 
employs a plurality of hybrid switches in accordance with the principles of the present 
invention; 

Figure 4 is a flow chart that depicts the switching of ATM CBR traffic in a hybrid 
svifltch in accordance with the principles of the present invention; and 

Figure 5 is a flow chart that depicts the switching of ATM rt-VBR traffic in 
accordance with the principles of the present invention. 
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Detailed Descfuption 



A hybrid telecommunications switch in accordance with the principles of the present 
invention includes both circuit svwtching and packet switching facilities and a management 
system and method for allocating traffic among the switching facilities. The circuit switching 
facilities may employ a Synchronous Transport Signal (STS) cross-connect with interfaces 
to SONET rings, for example, and the packet switching facility may use an ATM switch 
fabric for switching traffic in the form of ATM packets or cells. In one aspect of the 
invention, traffic for which circuit switching may be more appropriate may be separated 
from traffic that is more suitably handled by packet switching facilities. That is, for 
example, real-time traffic, such as voice traffic, may be more appropriately handled by a 
circuit switching facility, and non-real-time traffic, such as Internet email traffic, may be 
more suitably handled by a packet switching facility. After separation, the real-time traffic 
may be switched through an STM switch fabric and the non-real time traffic, which may be 
ATM traffic of types described below, may be switched through a packet switch fabric. 

The new hybrid switches may be connected in any of a variety of network 
topologies. For ease and clarity of description, the illustrative embodiment of Figure 1 
includes six hybrid switches in accordance with the principles of the invention (Node A, 
Node B, Node C, Node D, Node E and Node F) that are connected in a ring 100, in which 
Nodes A and B are connected through a link 102, Nodes B and C are connected through 
a link 104, Nodes C and D are connected through a link 106, Nodes D and E are 
connected through a link 108, Nodes E and F are connected through a link 110, and 
Nodes F and A are connected through a link 112. As described in greater detail in the 
discussion related to Figures 2 and 3, each of the Hybrid switches (any of the nodes Node 
A through Node F) includes STM switch fabric facilities, ATM switch fabric facilities, 
Input/Output facilities and a switch manager that, in accordance with principles of the 
invention, examines incoming traffic and route the traffic to an appropriate switching facility 
within the hybrid switch. As previously noted, the invention may apply to other network 
topologies, such as meshes (wherein the nodes A through F may be connected through 
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links 114, 116, 118, 120, 122, and 124, for example). Additionally, within the context of a 
ring topology, each of the nodes may be connected to a plurality of rings. The illustrative 
embodiment of Figure 1 was chosen for clarity and simplicity of explanation. Furthermore, 
although the invention will be discussed in the context of employing a SONET/SDH 
physical link media, the invention may be used in conjunction with networks that employ 
other physical media. 

Each of the Nodes A through F of Figure 1 includes components such as illustrated 
in the conceptual block diagram of Figure 2. The node 200 includes a controller, which will 
hereinafter be referred to as a hybrid resource manager 202, a central circuit switch fabric 
204, a central packet switch fabric 232, and a plurality of STM units 206, 208, 210, and 
212. The hybrid resource manager 202 operates to manage the switch resources through 
respective communications links 214, 216, 218, 220, and 222 to shelf controllers 224, 226, 
228, 230, and a central packet switch fabric 232. The central packet switch fabric is an 
asynchronous transfer mode (ATM) switch fabric. The STM units 206, 208, 210 and 212 
respectively include input/output (I/O) interfaces 234, 236, 238, and 240, local switch 
fabrics, 242, 244, 246, and 248, and switch interfaces, 250, 252, 254, and 256. An I/O 
interface, such as I/O interface 234 may provide a connection to another network element, 
or node, through a link such as the link 102 which connects nodes A and B of Figure 1 . 
Traffic arriving at one of the I/O interfaces is routed under control of the hybrid resource 
manager 202 by a shelf controller which more directly controls the operation of a local 
STM switch. Each of the local STM switches may be, for example, an STS-1 level cross- 
connect. The capacity of the cross-connect may be related to the I/O capacity of the 
corresponding I/O interface. That traffic which is routed to the central packet switch fabric 
232 may be directed through a switch interface, such as SWIF 250, embodied as an 
advanced "UTOPIA" interface which is capable of transferring both ATM cells and packet- 
based traffic. 

As described in greater detail in the discussion related to Figures 2, 3, 4 and 5, the 
hybrid resource manager partitions incoming traffic into streams that are to be switched 
either by an STM switch fabric or an ATM switch fabric. The STM traffic may be switched 
in a local STM switch, such as local TDM switch 242, for example, or it may be switched 
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through a central STM switch fabric 204 (optional). Typically, a single ring SONET/SDH 
embodiment \would require only one STM unit, such as the unit 206, to provide an interface 
to the ring and to provide the STM switching function. A multi-ring or mesh connection 
would include a plurality of the STM units, as illustrated. In such as case, the STM 
switching may be provided by a central STM switch fabric 204 which could direct traffic into 
and out of any of the I/O interfaces and to the packet switch fabric 232, as needed. 
Alternatively, traffic entering one STM unit could be packetized and switched through the 
central packet switch fabric 232 to travel between I/O interface 234 and I/O Interface 240, 
for example. Each of the I/O interfaces, such as I/O 234, acts as a ring, or line, interface. 
The hybrid resource manager 202 communicates with the next node in a path of which it 
is a part and determines, "on the fly", which switch fabric, such as a local TDM 242, central 
packet 232 or central circuit 204, will be employed to switch traffic associated with a 
particular ATM service category. 

For each inter-connecting link, such as link 102 between nodes A and B, the total 
bandwidth of the link is partitioned into a plurality of units and these units are allocated to 
STM or ATM traffic. If the packet switch fabric 232 supports a UTOPIA-II interface, the 
basic unit is an STS-1 . If the switch fabric 232 supports a UTOPIA-II I interface, the unit is 
an STS-3C. For example, if the link 102 is an 00192 link, and the switch fabric supports 
UTOPIA-III, the link is partitioned into 64 00-30 based units. For each unit, there is one 
entry in an ingress and egress resource table, as follows: 



Ingress Resource Table: 



Tributary No. 


Free Flag 


Destination 
Address 


Available 
Bandwidth 


Status: 
Drop / Pass 













TABLE 1 
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Egress Resource Table: 



Tributary No. 


Free Flag 


Destination 
Address 


Available 
Bandwidth 


Status: 
Add / Pass 













TABLE 2 



The destination Address is either based on the IP address for this node or a 
proprietary address. For each ingress link, there is one ingress resource table associated 
with it. Correspondingly, there is one egress resource table for each egress link. It is 
assumed that there is at least one entry in each link's resource table. 

At initialization time, all the free flags are initialized to have the value 0, indicating 
that the link is free. The available Bandwidth entry takes the initial value of the link's total 
physical transmission bandwidth, the Destination Address is initialized as 0, and Status 
is initialized as either Add (egress link) or Drop (ingress link). 

At run time the various tributaries' resources may be allocated for different traffic 
categories with the allocations reflected in the ingress and egress resource tables. For 
example, resources may be allocated to CBR traffic from tributaries, starting with a top 
tributary number and working the \A«y down, while other service categories may be 
allocated resources from the bottom up. Assume, for example that an egress link is an 
OC192 link. The link may be partitioned into 64 0C3 tributaries, in which case the link's 
associated egress table would have 64 entries, one for each tributary (also referred to 
herein as link traffic units). As traffic requests are received at the node (hybrid switch), 
resources are allocated, as set forth in greater detail in the discussion related to Figure 
4, to service the traffic. A synchronous payload envelope (SPE) mapper may be configured 
to encapsulate a specific number of channels on the egress link. For example, two 0C3C 
channels provisioned as non-path terminated at the next node, and an OC192 that is 
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provisioned as path terminated at the next node. Additionally, the STS pointer processor 
of the inbound 0C192 link on the next node would be configured to recognize and process 
these channels, again, as set forth in greater detail in the discussion related to Figure 4. 
Traffic received at the "next" node will be processed first by the STS pointer processor in 
the nodes' I/O shelf, the two 0C3C channels may then be served directly by a local STS 
CrossConnect, thus avoiding the necessity of further processing though the UTOPIA 
interface. The OC192 channel may be sent directly to a centralized ATM switch for further 
processing through a UTOPIA interface. 

A number of ATM service categories, with their attendant quality of service 
requirements, have been defined and are listed in table 3: 



Service Category 


QoS 


CBR 


CLR < 8 
CDV< 8 
MaxCTD< y 




rt-VBR 


CLR < s 
CDV< 6 
MaxCTD< y 




nrt-VBR 


CLR < 8 




UBR 


Best Effort 


ABR 


CLR < 8 



TABLE 3 



Where: 

CLR =cell loss rate 
CDV= cell delay variation 

MaxCTD = maximum end-to-end cell transfer delay and s, 6 and y are the 
corresponding system requirements. 
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In accordance with the principles of the present invention, traffic falling within the 
CBR and rt-VBR categories may be treated as "real-time" and switched through a hybrid 
switch's STM switch fabric. Each incoming ATM connection request is passed to the 
hybrid resource manager 202 which determines how the traffic is to be switched. In 
accordance with the principles of the present invention, specific types of ATM requests 
indicate that the associated ATM traffic is to be switched through a STM switch fabric 
within the hybrid switch. In this illustrative embodiment, all CBR type ATM traffic is routed 
by the hybrid resource manager 202 to an STM switch fabric, such as local TDM switch 
242, or central STM switch fabric 204. 

An overview of the process by which the resource manager 202 handles ATM 
connection requests will be provided in a discussion related to the conceptual block 
diagram of a three-Node telecommunications system of Figure 3. Each of the nodes, G 
through I, is a hybrid telecommunications switch in accordance with the principles of the 
present invention. Assuming that CBR type ATM traffic originates at Node G and has a 
destination of Node I STM bandwidth that has already been provisioned for ATM traffic 
within each of the nodes, and other resources, such as buffer space, is dynamically 
allocated to the CBR request. For example an ATM request originating at Node G with a 
destination of Node I would be passed along to Node I and with each subsequent node 
along the path examining its routing table, as well as the availability of buffers and ingress 
and egress bandwidth. 

Each node's hybrid resource manger could perform this operation. Each node in the 
path determines whether it has the available resources, whether for pass-through or 
destination operations, depending upon whether it's routing table indicates it is the 
destination node or not. If each node within the path has the available capacity (for 
example, ingress and egress bandwidth and buffers), the destination node affimns the ATM 
request and this affirmation is returned, node to node, to the ingress node (Node G in this 
example). In this way, resources, including STM switch fabrics within each node, are 
dynamically provisioned for CBR type ATM traffic in the illustrative network. 

The flowchart of Figure 4 illustrates in greater detail the process by which the resource 

manager 202, through connection admission control, determines the manner in which ATM 

11 



traffic is to be switched, should the incoming service request indicate that the traffic is CBR 
traffic. The process begins in step 400, where the resource manager 202 determines that 
a received connection request is a CBR request. In this Illustrative embodiment, all CBR 
type ATM requests are routed to a STM switch fabric for switching. The process then 
proceeds to step 402, where the resource manager 202 determines whether the ATM 
connection request is an "original" CBR request. That is, the resource manger 202 
determines whether the node receiving the request, the node associated with the resource 
manager, is the first node to receive the request, or the request is a pass-through request. 
If the request is not an original request, the process branches to step 404, which step will 
be described below. 

If the request is an "original" request, the process proceeds to step 406, where the 
resource manager determines whether the switch has sufficient ingress bandwidth to 
service the request. If there is not sufficient bandwidth for the request, the resource 
manager denies the request in step 408 and the process proceeds to end in step 410. 
Bandwidth may be provisioned for different ATM service categories in a variety of ways. 
For example, all link traffic units, such as 0C-3C traffic units, as previously discussed, may 
initially be "free", and their availability would be reflected by a "0" entry in a corresponding 
ingress resource table. In response to a connection request having a specific service type, 
the resource manager determines whether the allocated bandwidth for the specific service 
category is sufficient for the request and, if bandwidth is available, the resource manager 
incrementally allocates the bandwidth for the service category. After allocating the 
bandwidth, the resource manager alters the resource table to reflect the allocation by 
changing the corresponding "Free Flag" from "0" to "1." Consequently, the resource 
manager may attempt to allocate the necessary ingress bandwidth, "on the fly" as the 
request is received and only deny the request if the bandwidth cannot be allocated in the 
manner just described. 

If there is sufficient ingress bandwidth, the process proceeds to step 412 where the 
resource manager employs the node's routing tables, as previously described in the 
discussion related to Figure 3, to determine whether the node is the final destination for 
the related CBR traffic. If the node is the final destination, the process proceeds to step 
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414 where the resource allocation state is updated, that is the resource availability 
information is modified, and a request acceptance is returned. From step 414 the process 
proceeds to end in step 410. If, on the other hand, the node is not the final destination for 
the CBR traffic, the process proceeds from step 412 to step 416. In step 416, based upon 
infonnation contained within the CBR request, the next node and corresponding egress 
link are computed and the egress link's resource table is located. The process then 
proceeds to step 418, where the resource manager examines the egress link's 
corresponding egress resource table. If resources have not yet been allocated for CBR 
traffic to the destination address, the egress resource table for the link will not have an 
entry for that address. Therefore, if the resource manager determines that there is no entry 
within the resource table for the destination address, the process proceeds to step 424, 
which will be described after step 422. 

On the other hand, if there is an entry for the destination address, the process 
proceeds to step 420 where it is determined whether the bandwidth allocated for CBR 
traffic to the destination address is sufficient for the cun-ent request. If there is sufficient 
bandwidth, the process proceeds to step 422 where the request is accepted, the available 
bandwidth information is modified to reflect the allocation of bandwidth to the traffic whose 
request has just been accepted, and the process proceeds to end in step 410. If, in step 
420, it is determined that there is insufficient available bandwidth, the process proceeds 
to step 424. In step 424 the resource manager determines, from the resource table, 
whether there are "free" resources that may be allocated to CBR traffic for the destination 
address that are sufficient to handle the CBR request. If there are not, the process 
proceeds to step 426, where the request is denied, and, from there, to end in step 41 0. If, 
on the other hand, it is determined in step 424 that there are sufficient "free" resources to 
handle the CBR request, the process proceeds to step 428. In step 428, the CBR request 
is marked as a "passthrough" request and sent to the next node, which may or may not be 
the destination node. The resource manager then awaits a reply from the next node 
indicating whether the remaining node(s) in the path, including the egress node, accept 
the CBR request. 
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If the response from the remaining nodes Is a request rejection, or timeout, the 
process proceeds to step 426 and from there as previously desaibed. If the response is 
an acceptance from the other nodes, the process proceeds to step 432, where the 
resource manager accepts the CBR request. Additionally, the resource manager updates 
the egress resource table entry by setting the Free Flag to "1", sets the destination 
address entry as the destination address of the CBR request, modifies the available 
band\Mdth entry by subtracting the bandwidth required for the CBR traffic request just 
accepted and sets the status as "Add". The CBR bandwidth that is subtracted from the 
table's available bandwidth entry is indicated by the PCR parameter of the CBR service 
request. From step 432 the process proceeds to end in step 410. 

Returning to step 404, the resource manager determines whether the resource table 
indicates that resources are free to service the incoming CBR traffic and, if not, the 
process proceeds to step 434 where the node rejects the request and, from there, to end 
in step 410. If the resource entry indicates there are resources available for the requesting 
traffic, the process proceeds to step 436, where the resource manager determines whether 
the node is the destination of the CBR connection. If the node is the destination node the 
process proceeds to step 438, where the tributary, an 0C3c for example, is provisioned 
as a path termination tributary, the Free Flag of the corresponding ingress resource table 
is set to "1" and the status is updated to "Drop", indicating that this node is the destination, 
or "drop" node for the corresponding traffic. The resource manager also returns an 
acceptance of the request and the process proceeds to end in step 41 0. 

If the node is not the destination node for the CBR request, the process proceeds 
from step 436 to step 440 where, based on information contained within the CBR request, 
the resource manager computes the next node and corresponding egress link. The 
resource table for the egress link is then examined to determine whether there is a "free" 
resource entry. If the resource entry is not "Free", the process proceeds to step 442, where 
the node rejects the CBR request and, from there, to end in step 410. If the resource table 
entry indicates that the unit's resources are "Free" the process proceeds from step 440 to 
step 444 where the CBR request is forwarded to the next node and the resource manager 
awaits a response. When a response is received, the process proceeds to step 446 where, 
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if the response from a do\Mistream node is negative, the process proceeds to step 448 
where the resource manager passes this rejection back to the requesting party. From step 
448, the process proceeds to end in step 410. If the response from the do\wnstream nodes 
were affirmative, the resource manager provisions the ingress and egress tributaries as 
pass-through, returns an acceptance to the requesting party and updates the ingress and 
egress resource tables to indicate that the status is "Pass", and the Free Flag is set equal 
to "1". From step 450, the process proceeds to end in step 410. 

The flowchart of Figure 5 illustrates in greater detail the process by which the 
resource manager 202, through connection admission control, determines the manner in 
which ATM traffic is to be switched, should the incoming service request indicate that the 
traffic is rt-VBR traffic. In one aspect of the invention, the resource manager may be 
instructed to route all rt VBR requests to either an STM switch or an ATM switch, at the 
option of a service provider, for example. Otherwise, the resource manager 202 may 
determine whether rt-VBR traffic should be served through a circuit path (that is, through 
an STM switch fabric within the hybrid switch). This determination may be based on an 
internal system parameter 6, a cell rate ratio threshold, as follows: 

PGR 

employ an STM switch for rt-VBR traffic if SCR < ^ 
where: 

PGR = peak cell rate 
SCR = sustained eel! rate 
(|) = cell rate ratio threshold 

If the rt-VBR traffic is served by an ATM switch, the effective bandwidth required for 
the request may be computed based on the contents of the associated service contract. 
The service contract typically sets forth the required quality of service and nature of the 
traffic, including, for example, the average rate, burst period, and peak rate. 
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Requests for rt-VBR traffic may be handled as described in relation to the flow chart 
of Figure 5, in which the process begins in step 500. In step 500 it is assumed that the 
traffic request has already been determined to be an rt-VBR request. The process 
proceeds to step 501 , where the resource manager determines whether a service provider 
has elected to switch all rt-VBR traffic in the same manner as CBR traffic. This election 
may be evidenced by a flag that has been set, for example. If the service provider has 
elected to treat all rt-VBR traffic as CBR traffic, that is, in the manner described in the 
discussion related to Figure 4, the process proceeds to step 504, where the procedures 
set forth in the discussion related to Figure 4 are employed to switch the traffic. If the 
service provider has not elected in this manner to treat all rt-VBR traffic as CBR traffic, the 
process proceeds to step 502, where the resource manager determines whether the rt- 
VBR traffic is to be switched in a conventional ATM switching manner, such as a linear 
approximation ATM switching process, or it is to be switched in the same manner as CBR 
traffic. The resource manager may make this determination using the peak-to-sustained 
cell rate ratio, opting to switch vt-VBR traffic in the same manner as CBR traffic if the ratio 
is less than a predetermined threshold value, for example. 

If the rt-VBR traffic is to be switched as CBR traffic, that is, in the manner described 
in the discussion related to Figure 4, the process proceeds to step 504, where the 
procedures set forth in the discussion related to Figure 4 are employed to switch the traffic. 
After switching the traffic in this manner, the process proceeds to end in step 506. If, in 
step 502, the resource manager 202 determines that vt-VBR traffic is to be switched using 
conventional ATM switching techniques, such as linear approximation, the process 
proceeds to step 508, where the switching takes place. From step 508, the process 
proceeds to end in step 506. Other types of ATM traffic may be switched using 
conventional ATM switching techniques. 

The foregoing description of specific embodiments of the invention has been 
presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed, and many modifications 
and variations are possible in light of the above teachings. The embodiments were chosen 
and described to best explain the principles of the invention and its practical application, 
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and to thereby enable others skilled in the art to best utilize the invention. It is intended 
that the scope of the invention be limited only by the claims appended hereto. 



What is claimed is: 
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CLAIMS 



1 . A hybrid telecommunications switch comprising: 
at least one circuit switched switch fabric; 

at least one packet switched switch fabric; and 

a controller configured to separate telecommunications traffic received at the hybrid 
switch, including asynchronous transfer mode (ATM) traffic characterized by at least 
one service category, and to direct traffic to either a circuit or packet switch fabric, 
the controller directing ATM traffic of at least one service category to a circuit 
switched switch fabric. 

2. The switch of claim 1 wherein a portion of the circuit switch resources are 
provisioned for synchronous transfer mode (STM) traffic and the remaining portion 
of the circuit switch resources are allocated to ATM traffic as the controller routes 
the ATM traffic to the circuit switch. 

3. The switch of claim 2 wherein the controller is configured to employ a connection 
admission control algorithm to allocate circuit switch resources to ATM traffic. 

4. The switch of claim 3 wherein the controller is configured to route constant bit rate 
(CBR) ATM traffic to a circuit switch. 

5. The switch of claim 3 wherein the controller is configured to route real time variable 
bit rate (rt-VBR) ATM traffic to a circuit switch. 

6. The switch of claim 3 wherein the controller is configured to route ATM traffic which 
is neither CBR nor rt-VBR traffic to a packet switch. 
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The switch of claim 3 wherein the controller is configured to allocate available circuit 
switch resources, as indicated by a resource table, to received ATM traffic requests. 

The switch of claim 7 wherein the controller is configured to maintain circuit switch 
ingress and egress resource tables. 

The switch of claim 7 wherein the controller is configured to pass an ATM traffic 
request to a destination node and to establish an ATM traffic path after having 
determined that all nodes along the proposed traffic path have accepted an ATM 
traffic request. 

The switch of claim 9 wherein the controller is configured to determine whether 
received rt-VBR ATM traffic is to be switched through a circuit switch. 

The switch of claim 10 wherein the controller is configured to determine whether rt- 
VBR ATM traffic is to be switched through a circuit switch based upon the traffic's 
peak-to-sustained cell rate ratio. 

A method for switching telecommunications traffic in a hybrid telecommunications 
switch for switching asynchronous transfer mode (ATM) traffic characterized by one 
or more service categories, comprising at least one packet switch fabric and one 
circuit switch fabric, at least one circuit switch fabric, and a controller, the method 
including the steps of: 

(A) the controller separating telecommunications traffic received at the switch, 

(B) the controller directing traffic to either a packet or a circuit switch fabric, with 
ATM traffic of at least one service category being directed to a circuit switch 
fabric. 

The method of claim 12 further comprising the step of 
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(C) provisioning a portion of the circuit switch resources for synchronous transfer 
mode (STM) traffic, and 

(D) allocating the remaining portion of the circuit a^tch resources to ATM traffic as 
the controller routes the ATM traffic to the circuit switch. 

1 4. The method of claim 1 3 wherein the allocation of step (D) comprising the step of: 
(01) the controller employing a connection admission control algorithm to allocate 
circuit switch resources to ATM traffic. 

1 5. The method of claim 1 3 wherein step (B) comprises the step of: 
(B1 ) the controller routing CBR ATM traffic to a circuit switch. 

1 6. The method of claim 1 3 wherein step (B) comprises the step of: 
(B2) the controller routing rt-VBR ATM traffic to a circuit switch. 

17. The method of claim 1 3 wherein step (B) comprises the step of: 

(B3) the controller routing ATM traffic which is neither CBR nor rt-VBR traffic to a 
packet switch. 

1 8. The method of claim 1 3 wherein the allocating of step (D) comprises the step of: 
(D2) the controller allocating available circuit svwtch resources, as indicated by a 
resource table, to ATM traffic requests. 

1 9. The method of claim 1 3 further comprising the step of: 

(E) the controller maintaining circuit switch ingress and egress resource tables. 

20. The method of claim 1 3 further comprising the step of: 

(F) the controller passing an ATM traffic request to a destination node. 
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21 . The method of claim 20 further comprising the step of: 

(G) the controller determining that all nodes along the proposed ATM traffic path 
have allocated circuit switch resources for the ATM traffic. 

22. The method of claim 21 further comprising the step of: 

(H) establishing an ATM traffic path after the determination of step (G). 

23. The method of claim 21 further comprising the step of: 

(I) the controller determining whether rt-VBR ATM traffic is to be switched through 
a packet switch fabric or a circuit switch fabric. 

24. The method of claim 23 wherein step (I) comprises the step of: 

(II ) the controller comparing the traffic's peak-to-sustained cell ratio to a threshold 
value. 

25. The switch of claim 7 wherein the controller is configured to pass an ATM traffic 
request to a destination node. 

26. The switch of claim 7 wherein the controller is configured to determine that all nodes 
along the proposed ATM traffic path have allocated circuit switch resources for the 
ATM traffic. 

27. The switch of claim 7 wherein the controller is configured to establish an ATM traffic 
path after determining that all nodes along the proposed ATM traffic path have 
allocated circuit switch resources for the ATM traffic. 

28. The switch of claim 7 wherein the controller is configured to 

determine whether rt-VBR ATM traffic is to be switched through a packet switch 
fabric or a circuit switch fabric. 
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29. The switch of claim 28 \A/herein the controller is configured compare the traffic's 
peak-to-sustained cell ratio to a threshold value to thereby determine whether the 
rt-VBR ATM traffic is to be switched through a packet switch fabric or a circuit switch 
fabric. 



22 



ABSTRACT 



A hybrid teiecommunications switch includes synchronous transfer mode (STM) and 
asynchronous transfer mode (ATM) switch fabrics, and a controller. The controller is 
configured to separate incoming ATM from STM traffic and to provide access, through a 
connection admission control (CAC) protocol to an STM fabric for ATM traffic. In one 
aspect of the invention, real-time traffic, such as voice traffic, may be separated from non- 
real-time traffic, such as Internet email traffic. Once separated, the real time traffic may be 
switched through a circuit switch fabric and the non-real-time traffic may be switched 
through a packet switch fabric. ATM traffic, such as CBR and rt-VBR may aggregated "on- 
the-fly", that is, without pre-provisioning, and switched through the hybrid switch's circuit 
sv^tch fabric. ATM traffic falling into other categories is routed through a packet switch 
fabric. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 

As the below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to 
my name. 

I believe I am the original, first and sole inventor of the subject matter which 
is claimed and for which a patent is sought on the invention entitled APPARATUS 
AND METHOD FOR SYNCHRONOUS AND ASYNCHRONOUS TRANSFER 
MODE SWITCHING OF ATM TRAFFIC the specification of which is attached 
hereto. 

I hereby state that I have reviewed and understand the contents of the 
above identified specification, including the claims, as amended by an amendment, 
if any, specifically referred to in this oath or declaration. 

1 acknowledge the duty to disclose all information known to me(us) which is 
material to patentability as defined in Title 37, Code of Federal Regulations, 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 
119 of any foreign application for patent or inventor's certificate listed below and 
have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any 
United States application listed below and, insofar as the subject matter of each of 
the claims of this application is not disclosed in the prior United States application in 
the manner provided by the first paragraph of Title 35, United States Code, 112, I 
acknowledge the duty to disclose all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, 1.56 which 
became available between the filing date of the prior application and the national or 
PCT international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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I hereby appoint the following attorney with full power of substitution and 
revocation, to prosecute said application, to mal<e alterations and amendments 
therein, to receive the patent, and to transact all business in the Patent and 
Trademark Office connected therewith: 



Lester H. Birnbaum (Reg. No. 25830) 

Richard J. Botos (Reg. No. 3201 6) 

Jeffery J. Brosemer (Reg. No. 36096) 

Kenneth M. Brown (Reg. No. 37590) 

Craig J. Cox (Reg. No. 39643) 

Donald P. Dinella (Reg. No. 39961) 

Guy Eriksen (Reg. No. 41 736) 

Martin I. Finston (Reg. No. 31613) 

James H. Fox (Reg. No. 29379) 

William S. Francos (Reg. No. 38456) 

Barry H. Freedman (Reg. No. 261 66) 

Julio A. Garceran (Reg. No. 371 38) 

MonyR. Ghose (Reg. No. 38159) 

Jimmy Goo (Reg. No. 36528) 

Anthony Grillo (Reg. No. 36535) 

Stephen M. Gurey (Reg. No. 27336) 

JohnM. Harman (Reg. No. 38173) 
Michael B. Johannesen (Reg. No. 35557) 

Mark A. Kurisko (Reg. No. 38944) 

Irena Lager (Reg. No. 39260) 
Christopher N. Malvone (Reg. No. 34866) 

Scott W. McLellan (Reg. No. 30776) 

Martin G. Meder (Reg. No. 34674) 

John C. Moran (Reg. No. 30782) 

Michael A. Morra (Reg. No. 28975) 

Gregory J. Murgia (Reg. No. 41209) 

Claude R. Narcisse (Reg. No. 38979) 

Joseph J. Opalach (Reg. No. 36229) 

Neil R. Ormos (Reg. No. 35309) 

Eugen E. Pacher (Reg. No. 29964) 

JackR. Penrod (Reg. No. 31864) 

Daniel J. Piotrowski (Reg. No. 42079) 

Gregory C. Ranieri (Reg. No. 29695) 

Scott J. Rittman (Reg. No. 3901 0) 

Eugene J. Rosenthal (Reg. No. 36658) 

Bruce S. Schneider (Reg. No. 27949) 

Ronald D. Slusky (Reg. No. 26585) 

David L. Smith (Reg. No. 30592) 

Patricia A. Verlangieri (Reg. No. 42201 ) 

John P. Veschi (Reg. No. 39058) 

David Volejnicek (Reg. No. 29355) 

Charles L. Warren (Reg. No. 27407) 
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Jeffrey M. Weinick (Reg. No. 36304) 

Eli Weiss (Reg. No. 17765) 



I Inereby appoint the attorney(s) on ATTACHMENT A as associate 
attorney(s) in tlie aforementioned application, with full power solely to prosecute 
said application, to make alterations and amendments therein, to receive the patent, 
and to transact all business in the Patent and Trademark Office connected with the 
prosecution of said application. No other powers are granted to such associate 
attorney(s) and such associate attorney(s) are specifically denied any power of 
substitution or revocation. 



Full name of 1st joint inventor: Yang Cao 



Inventor's 
signature. 




Residence: 26B Forest Acres Drive 
Bradford, MA 01835 

Citizenship: China 

Post Office Address: 26B Forest Acres Drive 

Bradford, MA 01835 
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ATTACHMENT A 



Attorney Name: James W Wieaand Reg. No.: 39.423 

Telephone calls should be made to James W Wiegand at: 

Phone No.: (617) 735-9310 

Fax No.: (617) 735-9310 



All written communications are to be addressed to: 

James W Wiegand 
The Law Office Of James W Wiegand 
1 90 Babcock Street 
Brookline, MA 02446 



